Thyroid eye disease occurs in 2-7% of patients with Graves' disease.! It is an autoimmune disorder charac terised by lymphocytic infiltration in the early phase. [2] [3] [4] The clinical presentation ranges from mild disease with puffiness around the eyes, lid lag and lid retraction to severe disease with gross exophthalmos with conjunctival injection, limited extraocular movements and visual loss due to optic nerve compression as the disease progresses.s There appear to be two stages in the disease process which differ both clinically and immunologically: in the active ('wet') phase the eye is chemotic and hyperaemic and becomes progressively more uncomfortable and sore, whilst in the quiescent (,dry' or burnt-out) phase the eye is white with stable non-progressive signs. 6 Pathologically the initial active 'wet' phase is associated with an inflam matory infiltrate dominated by lymphocytic infiltration of extraocular muscles associated with the accumulation of glycoaminoglycans and tissue oedema. 7 Low-dose orbital radiotherapy has been used with con siderable success in alleviating the inflammatory process of thyroid eye disease.8.9 More recent studies have shown that better results are achieved if radiotherapy is used in early disease when the soft tissue signs are maximal, reflecting the radiosensitivity of the autoimmune inflam matory infiltrate at the early active stage.I0-12
Although conventional magnetic resonance imaging (MRI) is the ideal medium for discerning soft tissue path ology according to its hydrogen content, it is unable to dis criminate fat from water-containing tissues, which appear bright on both Tl-and T2-weighted MRI images. The background stroma of the orbit is composed mainly of fat and has a characteristic bright signal in conventional spin echo (SE) MRI. Short Tau (inversion time) Inversion Recovery (STIR). by summation of T1 and T2 and by choosing the appropriate inversion time (TI), can selec tively suppress signal from a tissue such as fat whilst high lighting water-containing tissues. An acute inflammatory process is associated with oedema within the tissue and would be expected to show a bright signal in the STIR sequence in the MRI. The aim of this study was to evaluate the use of the STIR sequence in MRI of the orbit as an indicator of disease activity in thyroid eye disease.
METHODOLOGY
Orbital changes in 19 patients with a history of hyper thyroidism presenting with varying stages of dysthyroid eye disease were examined with MRI. The mean age of these patients was 48 years with a range between 26 and 73 years. Thirteen patients were female while 6 were male. The duration of thyroid disease ranged from 4 to 144 months with a mean of 45 months. The mean duration of thyroid eye disease, however, was 9 months (range 2-36 months). Five controls with a mean age of 41 years were selected at random from patients undergoing MRI imag ing of the brain and who had no ocular disease.
Patients were questioned regarding symptoms of dis comfort, foreign body sensation, lacrimation, photo phobia and dryness. These were graded as mild, moderate or severe and scored as 1, 2 or 3 respectively. Assessment of the patients' clinical states included pupillary reactions, measurement of proptosis in millimeters using a Hertel exophthalmometer, estimation of the range of extraocular movement, measurement of the field of uniocular move ment and binocular single vision. Visual function was assessed from the visual acuity, Ishihara pseudoisochro matic chart and the presence of an afferent pupillary defect. These ocular changes were then graded in accord ance with the American Thyroid Association classifi cation as described and later modified by Werner. L1 In addition, the amount of active inflammation was assessed clinically by the degree of hyperaemia and chemosis, and was scored as 1 (mild), 2 (moderate) or 3 (severe). This mirrors closely those parameters suggested by Mourits et al.14 whose grading scale tries to emphasise the differ entiation between the 'wet' and 'dry' phases.
Imaging was performed on a 1.0 T scanner (Siemens Magnetom Impact) with a head coil that covered both eyes. All patients underwent both spin-echo (SE) and STIR imaging with Tl-weighted (TR/TE: 500/15 ms) and STIR (TRITEITI: 3000/20/150 ms) images obtained in the coronal plane and multiecho (TRITE: 2200/20 and 80 ms) images in the axial plane. STIR images were quan tified by measuring the signal intensity of individual extra ocular muscles by pixel analysis of their brightness. These measurements were then compared with the signal inten sity of the ipsilateral temporalis muscle and expressed as a ratio. This signal intensity ratio (SIR) was used in prefer ence to an absolute figure due to slight variation of sensi tivity of the machine when used on subsequent occasions. The temporalis muscle was selected because of its struc tural similarity and close anatomical proximity to the extraocular muscles in order to maximise error and varia tion secondary to positioning within the magnetic field.
Regression analysis was performed to compare the mean SIR of the four extraocular muscles with Werner's grade of the thyroid eye disease and the clinical activity score. In addition, the mean SIR of the horizontal and vertical recti were compared with the range of horizontal and vertical extraocular muscle movements respectively.
RESULTS
The control patients had an SIR of individual extraocular muscle which ranged from 1.16 to 1.49 with a mean of 1.38 (SD = 0.1). The mean SIR was 1.39 in the right and 1.36 in the left (Table I) .
Of the 19 patients with dysthyroid eye disease, 1 had stage 1 disease, 4 had stage 2 disease, 8 had stage 4 disease, 1 had stage 5 disease while 5 had stage 6 disease. Their SIR ranged from 1.2 to 2.18 with a mean of 1.59 in Table 1) . Areas of increased SIR (which we took as more than 1.49 or 1 SD from the mean SIR of the controls) were found in the extraocular muscles of 13 of the 19 patients (62%) and were bilateral in 8 cases. All four rectus muscles were affected; inferior rectus involvement was the most frequent (8 cases or 42 %), the medial rectus being involved in 6 cases (31 %) and the superior rectus in just over a quarter of the cases. The lateral rectus appeared relatively spared. The STIR sequence in the MRI of a patient with dysthyroid eye disease affecting predominantly the left inferior rectus is shown in Fig. 1 .
The mean SIR of the orbit showed a positive correlation (correlation coefficient of +0.71 and p<O.OOI) with the disease activity staged according to the Werner classifi cation (Fig. 2) . The signal intensity of the patients with • stage 1-2 disease was comparable to the control (stage 0), while stage 5 and 6 disease states exhibited a marked increase in SIR. The extraocular muscles in stage 4 disease (i.e. patients with extraocular muscle involvement) pro duced a mixed picture, with some patients having near normal and others having an increased signal intensity. Fig. 3 shows a positive correlation between mean SIR of each orbit and inflammatory score, with a correlation coefficient of +0.61 and +0.56 for the right and left orbit respectively (p<0.01).
------------------------------------------------
The range of extraocular movement was evaluated as a percentage of full duction and was compromised in vary ing degrees in dysthyroid patients. Values ranged from 5% to 100% of normal limits. When the range of movements were compared with the SIR, there was a negative correla tion between the range of horizontal and vertical duction, and the mean SIR of the horizontal (i.e. medial and lateral rectus) and mean vertical (i.e. superior and inferior rectus) groups of extraocular muscles respectively (Figs. 4, 5 ). This suggests that there is an acute inflammatory process within the extraocular muscles leading to restriction of movement which manifests as a bright signal on the STIR sequence, and which correlates with the clinical activity score.
No relation was established between the duration of either the underlying thyroid disorder or thyroid eye disease and (1) signal intensity ratio (SIR) or (2) range of movements or (3) clinical disease activity.
DISCUSSION
Radiation therapy has been used to treat thyroid eye disease since 1914, with reports suggesting that between 30% and 80% of patients treated have improvement in signs and symptoms of the disease.9.10 It appears it was most effective in patients whose duration of disease was less than 6 months and who had active ('wet' phase) soft tissue inflammatory signs." Periorbital swelling and other signs of ocular inflammation are known to correlate with extraocular muscle volume as determined by the use of CT.15J6 However, the superior soft tissue imaging of MRI and the relative ease of obtaining complex thin axial and coronal views compared with CT scans has led us to employ MRI as a method of assessing Graves' disease activity.
Our results show that a correlation exists between the SIR and active disease as measured according to the clini cal score and restriction of extraocular movement. It would appear that extraocular muscle inflammation is more likely to be associated with a SIR of over 1.50. With the success of orbital radiotherapy for the treatment of thy raid eye disease in the early 'wet' phase, the use of the STIR sequence in MRI will be a useful adjunct in the selection of a group of patients most likely to benefit from the immunosuppressive effect of orbital radiotherapy. In particular, the SIR may be useful in conjunction with esti mates of muscle cross-sectional area: a high SIR and a small muscle indicates early disease, a large muscle with a high SIR indicates late active disease and a large muscle with low SIR indicates quiescent or 'burnt-out' disease.
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Having found a correlation between thyroid eye disease activity and the SIR, the next step is to assess whether this knowledge of SIR is helpful in selecting patients for low dose orbital radiotherapy. Several patients from our study have now undergone this treatment, the results of which will be assessed and related to disease activity prior to treatment.
